CONTENTS

CHAPTER
I. Historical sketch of the explorations in the Gulf of Mexico. By Paul

S, Galtsoff o o e e

Discovery of the Gulf of Mexico_ . oo e ieeeeon
Sixteenth and seventeenth centuries.____.______________.______._._.
Eighteenth century_ . ...
From the beginning of the nineteenth century to the present time._.___.
Bibliography . ..o e e

II. Geology.

Shorelines and coasts of the Gulf of Mexico. By W. Armstrong Price..._.
Status of studies of coasts and shorelines. . _________________.__.__.
Shoreline classification. .. _._ L e aeea_.
Sources of information_ __ .-
Acknowledgments. . e eaeaa

Structural and regional geo-oceanographic approach to shoreline descrip-

tion and classification___ _ . _ . e
Coasts and hinterland. ... __ ... .-
Regional coastal types__ . _.

Young orogenic coasts . ... __ . ..
Alluvial coasts. _ . - e
Drowned limestone-plateau coastal plaing_____. . . _ . ... _.__.
Biogenous environment. . _ . e

Emergent and submergent shorelines of the Gulf_._.__.__ . _.__ _____.__.
Use of terms._ . e
Submergent shoreline features__ . __ . e
Emergent shoreline features. . _____ ... _____._._..

Shoreline changes and processes_ . - - .. o e
Shoreline simplifieation._.__ . ___ ...
Equilibrium profiles of continental shelf bottom_._____.__.___._..__.
Directions of longshore drift. . . e o..

References . o e e

Geology of the Gulf of Mexico. By S. A. Lyneh____.___________._____.
Early concepts. e
Gulf coast geosyneline. . ..o ceoao-
Geomorphology of Gulf of Mexico.._______ ... ___.__.

General characteristics_ . ___ ... _ . _____ . __.__..
Origin of major features. .. . . e
Geomorphology by areas_ - _ . o _o_._-
Eastern Gulf area___. .. . .o ____._.
Mississippi Delta area__ . _ .. iaean
Northern Gulf of Mexico_______ .. ... ... ...

Sediments of Gulf of Mexico. - - - _ s
Source of sediments. . .-
Place of deposition._. . .. . e maamea
Early studies of submarine deposits.__.______._ . ____ .. ____._.
Recent studies of submarine deposits.._____ .- _________._._.
Sedimentary Provinees . - - ..o iaei i aeaa_-
Eastern Gulf e eeea--



VIII CONTENTS

Curarrer—Continued
II. Geology of the Gulf of Mexico—Continued

Sediments of Gulf of Mexico—Continued Page
Louisiana shelf __ e eeeean. 31
Western Gulf . _ e 81
Yucatén Peninsula_ . _ . aao-- 82
Cuba - - e el 82
Mexican Basin. .o 82
ConelUsioNS - - - _ - o o e 82
Bibliography . _ - . e cecio s 83

ITI. Marine meteorology of the Gulf of Mexico, a brief review. By Dale F.

Lelpper . e cidae——_. 89
Extra tropical cyclones... . _______ 89
The general air circulation and some of its consequences._ _ __________ 89
Average conditions._ . _ ... 90
Weather observing stations__ ____ ___ . _______..__ 93
Typical upper air soundings .. . _ - .- . _____ 93
Northers . _ e e 95
Meteorological tides_ . - ... 95
Hurricanes - . - e mmmmemmmeeee 96
Applications of marine meteorology in the Gulf _ __________________. 96
Further sources of information_ . _ .. e ana 96
Conclusion - - - - o e 97
Literature cited _ _ _ _ e 97

1V. Physics and chemistry of Gulf waters.

Tides and sea level in the Gulf of Mexico. By H. A. Marmer__ . ___.___ 101
Harmonic constants . - _ . . e emm—maeea 104
Types of tide . _ . _ s 108
Semidaily type. . . eeecmmmmmmean 110
Daily type . - . e 110
Mixed types. . . . eemmemmmmmmeaan 112
Characteristics from harmonic constants_ _ . - . _ o occccoooooooaooo- 113
Disturbing effects of wind and weather___ __ ___ . ____ oo -___ 113
The tide in the Gulf of Mexico .- o i cme e 114
Sea level . e eammmme e 115
Availability of tidal data.____ _ ___ e eeeoooo 117
Literature eited . - . _ o ieimmm—mo 118

Physical oceanography of the Gulf of Mexico. By Dale F. Leipper-.____ 119
Ocean CUrTentS_ _ - _ o o o o o e 119
Sea surface temperatures._ _ . _ . _ o eiie e 125
Sea temperature variations with depth__ ... .. ... 131
Salinity - e 135
Temperature-salinity relationships._ - - - - ..o coamccacmmaeooo 135
Ocean wind waves and swell __ . e —eo 136
Shallow water oceanography__ _______ ... 136
Bibliography _ . e eaieme—aea-- 136

Light penetration in the Gulf of Mexico. By William S. Shoemaker__.._. 139

Distribution of chemical constituents of sea water in the Gulf of Mexico.

By Robert H. Williams _ _ _ _ _ __ _ e 143
Salinity e 143
Dissolved oxvgen. e emmmee oo 145
Phosphorus._ e eameoeeoo 145
Nitrate-nitrogen _ _ - . _ o emmem—eeeeooo 147
Nitrite-nitrogen _ . . o e oeaa 148
Hydrogen ion concentration (pH) - _ . oo 148
Alkalinity and carbon dioxide components._____ .. . .- 148
COPPeT - - e 148

Miscellaneous chemical constituents. - - - - . cmiceanan- 148



CONTENTS

Cuaprer—Continued
IV. Distribution of chemical constituents of sea water—Continued Page
SN ALY - . L e e - 149
Literature cited._ . . . . oo 150
The recovery of minerals from sea water. By C. M. Shigley. . ______.___ 153
V. Plant and animal communities.

Phytoplankton of the Gulf of Mexico. By Charles C. Davis. . __._._______ 163
The zooplankton of the Gulf of Mexico. By Hilary B. Moore_.__.______ 171
Material - - oo e 171
Bibliography - - - . o= 172
Red tide. By Reuben Lasker and F. G. Walton Smith_________________ 173

Sketch of the character of the marine algal vegetation of the shores of the
Gulf of Mexico. By Wm. Randolph Taylor_ .. ___.___._._._._. 177
General nature of the flora_ . ___________ e emeeea 177
Marine botanical studies of the Gulf of Mexico_ - .. __ .. __._______ 177
Collateral works of reference for the Gulf algal flora_ .. ______.____._ 178
Chief types of algal vegetation.__ . ___ . _ ... .__. 179
Shifting sandy beaches and estuarine mud flats . - ______________ 179
Stable sand and mud; pools, small lagoons and coves_ . _________ 179
Protected coves and pools with a marine channel_______________ 180
Protected bays and lagoons_ .. - .. _ .. . . ... 180
Mangrove thickets .. . el --_ 180
Tidal streams__ _ . _ . o eea_- 180
Sandy shallows and ‘“‘reefs” of shell and coral rubble__________.__ 183
Rocky shores and inshore reefs_ .. _ . _____________________.__ 183
Pelagic seaweeds . - e oaeo- 185
Local features of the Gulf coast marine algal flora. . _________._.___ 186

Cited literature of Gulf of Mexico algae and bibliography of principal
works dealing with comparable West Indian marine algae ... ___ 189

Flowering plants of the waters and shores of the Gulf of Mexico. By
Robert F. Thorne . . .. . e emaan- S 193
Submarine meadow . _ . . emaea- 193
Mangrove SWAaIMP - ... . e e eeao 194
Salt marsh_ . eea_- 196
Sand-strand vegetation.____ . ______ . o ieeo- 198
Conelusion_ _____..___________._ e 199
Bibliography ... _____________. e ol- 199
Bottom communities of the Gulf of Mexico. By Joel W. Hedgpeth__.__. 203
Investigations of recent facies. _ . _________ ... ___.__.... oo 205
The oyster community . ___ ST 206
Serpuloid reefs. L e 210
The jetty community__ e 210
Sand beach communities . . _ e eeaaaoo- 211
The shrimp ground community_ . __.._.____.__. 211
The coral and sponge communities_ ... ____ ... .. _._____._ 213
Literature cited_ .- _ . __ ____ . . _.__.-. R, 213

VI. Bacteria, fungi, and unicellular algae.
Marine bacteria and fungi in the Gulf of Mexico. By Claude I8, ZoBell... 217

Dinoflagellates of the Gulf of Mexico. By Herbert W. Graham__._______ 223
Present status of diatomn studies in the Gulf of Mexico. By PPaul Conger. 227
Literature. L eeas 227
Campeche Bayv. e eeeean 227
Mobile Bay ... s e 228
Tortugas and west coast of Florida_ _ __ __ . . _..._._. 228
Other records_ . . e 228
Diatom floras of Gulf and adjacent waters. .. .. . _____._.. 229
Beology. . e 229
Productivity . i emeeaan 229
Silica relationships. . . e eaas 230

Bibliography. . __ .. ________. . .____._. e i 231



CONTENTS

CuarTer—Continued
VII. Protozoa.
Gulf of Mexico Foraminifera. By Fred B. Phleger and Frances L. Parker.
Benthoni¢ Foraminifera_.__ __ . _______ . _____.

Literature cited._ . _ e ee_.
Protozoa. By Victor Sprague_ _ _ . _ ...
Survey of the literature__ ___ ________________________ . _______
Distribution of Protozoa. . . __ . . . ...
Mastigophora._ . _ e o_...
Sarcodina_ _ . _ e ___
SPOroZOa . _ - oL
Unidentified species of Nematopsis_ - - ____________________________
Ciliata. . o

VIII. Sponges, coelenterates, and ctenophores.
The Porifera of the Gulf of Mexico. By J. Q. Tierney__________________
Biology of commercial sponges. By F. G. Walton Smith____________.____
Hydroids of the Gulf of Mexico. By Edward S. Deevey, Jr_______._____
Collecting - e
ZoogeOograPRY - - e iieecceas
Check list of Gulf of Mexico hydroids_.___ . ______ . ____________.___
SUMMATY e e
Literature cited_ . - _ - e ooo__-
Hydromedusae of the Gulf of Mexico. By Mary Sears____._____________
Siphonophores in the Gulf of Mexico. By Mary Sears_____ .. __.____._.___
Scyphozoa. By Joel W. Hedgpeth_._ . ____ .. ______ . ..__.
Anthozoa: Alcyonaria. By Frederick M. Bayer_.___ . __ . ______._______
Anthozoa: The anemones. By Joel W. Hedgpeth.____._____.__ ... ____
Notes on common species_ . _ _ . _ . oo
Bibliography .. _ . e
Gulf of Mexico Madreporaria. By F. G. Walton Smith___.__..__._-_____
Ctenophores in the Gulf of Mexico. By Mary Sears._..._.--- - ___.__
I1X. Free-living flatworms, nemerteans, nematodes, tardigrades, and chae-

tognaths.

Free-living flatworms [Turbellaria] of the Gulf of Mexico. By L. H.
Hyman _ i memmeeemeeeooo
The nemertean fauna of the Gulf of Mexico. By Wesley R. Coe____..._.

Key for identification__ _ ___ _ _ e ao_._-
Systematic description of species. _ .. - - - oo o__
Paleonemertea. . _ _ -

Hoplonemertea___ e ao
Bdellonemertea. - ___ el ..
Bibliography . .
Echnioderida of the Gulf of Mexico. By B. G. Chitwood___.__________.
Free-living nematodes of the Gulf of Mexico. By B. G. Chitwood and
R. W, Timme. e
Nematode anatomy _____ e eececaooo
Historical résumé. . _ e
Classified list of speeies_ . _ . oo
Phasmidea . ... eeecaeooo-

Page
235
235
241
241
243
243
244
245
246
247
249
251
255
255

259
263
267
267
268
269
271
271
273
275
277
279
285
287
290
291
297

301
303
303
304
304
304
305
305
305
306
307
309
309
311

313
313
314
314
314
314



CONTENTS

Crarrer—Continued

IX.

XI.

XII.

Free-living nematodes of the Gulf of Mexico—Continued
Geographic distribution. - _ . ...
Ecology and life habits. ... . ..__.
Literature cited. - ...

Tardigrades of the Gulf of Mexico. By B. G. Chitwood. .. _..___._____.

Notes on the Chaetognatha of the Gulf of Mexico. By K. Lowe Pierce. _.
Notes on the range of species collected in the Gulf of Mexico. ....__.
SUIMMATY - - i
Literature cited. o _ __ L iciaeo.

. Parasitic worms.

Parasitic helininths. By Asa C. Chandler and Harold W. Manter____.__._
Trematoda of the Gulf of Mexico. By Harold W. Manter _.____________
Monogenea. - . o e
ASPIdOgaStTeR . - — e cciieeaa—aeo-
Digenca. e ceiicei--
Gasterostomata - - . . e
Prosostomata._ _ - . o e i
Host specificity of trematodes of marine fishes of the Gulf of Mexico..
The geographical distribution of trematodes of fishes at Tortugas,
Florida. . . e emeeae- I
Trematodes of turtles__ . _____ o ...
Trematodes of birds_ __ .. eiaa-.
Trematodes of mammals._ . . _ o
Studies on larval stages and life cycles of trematodes of the Gulf of
M eeXiCO. - e e
SUMMATY . . - e
Literature cited_ _ - _ __ _ . ...
Cestoda. By Asa C. Chandler.__.___ . _ . ee__..
Tetraphyllides . __ _ e ee_-
Trypanorhyncha e
Incertae sedis. . . e
Pseudophylidea___ ____ .-
Cyclophyllidea._ - . _ _ . e e s
Acanthocephala. By Asa C. Chandler___ ______________________.____.__
Eoacanthocephala_ . _ . e _.
Palaeacanthocephala_ . ___ . . ..
Nematoda. By Asa C. Chandler___ .. _ .. __ e ._..
Ascaridata. . - . e
Incertae sedis__ . _ . . -
Bibliography (Cestoda, Acanthocephala, Nematoda)_ . ... ___._ ..
Bryozoa, Brachiopoda, Phoronida, and Enteropneusta.
The Bryozoa of the Gulf of Mexico. By Raymond C. Osburn_.____._____
Brachiopoda occurring in the Gulf of Mexico. By G. Arthur Cooper_.___
Phoronida. By Joel W. Hedgpeth_ . _____ . _______________._
Enteropneusta. By Joel W, Hedgpeth .. ______ __._________________._.
Echinoderm.
Echinoderms (other than holothurians) of the Gulf of Mexico. By Austin

Asteroiden . _ _ . o e e e mce—a-
Ophiuroidea _ _ _ _ e
Bibliography _ _ e eeeceeeiaas
The holothurians of the Gulf of Mexico. By Elisabeth Deichmann.._..._.
Technique. __ . e
Key to the orders._ - _ . e
Elasipoda - e
Aspidochirota. . - i cicooaoa

Page
318
319
320
325
327
328
328
329

333
335
335
336
336
336
336
342

343
345
346
346

347
348
348
351
351
352
353
353
353
365
355
355
357
357
358
358

361
363
367
369

373
373
374
375
376
378
381
382
383
383
384

X1



XII CONTENTS

CuapTer—Continued
X1II. The holothurians of the Gulf of Mexico—Continued

Dendrochirota . - .

Molpadonia . - - . e

Apoda__ . ____ .. .___ e e

Bibliography - - . el
XTIII. Annelids and miscellaneous worms.

Polychactous annelids of the Gulf of Mexico. By Olga Hartman._ . ______
Review of the families_ _ . _ . _ . _ e .___._.
Appendix on some ecological associations._ . _ . _ . _ - __________
Literature cited. - __ . _ . e ooooo_._

Miscellaneous vermes. By Joel W, Hedgpeth. - _______ . ___________
Fehiurida - e
Sipunculida. _ _ .
Literature cited . - - __ i _._

XIV. Arthropods: Xiphosura, Pycnogonida, and Crustacea.

Xiphosura. By Joel W. Hedgpeth_ __ . __ . _____________

Pycnogonida. By Joel W. Hedgpeth__ - _____ . __.__._____

Marine Ostracoda. By Willis L. Tressler. . __ . __ . .. ____._..__
Eeology . - - e
Ostracoda reported from adjacent regions_ .. ___________ . ___.__.____

Caribbean Sea (off Colon) .- _ .o e
West Indies_ el
Cuba e
Bahama Islands__ _ . _ e eooe--
Conclusions _ - _ . oo mmmmmmeee oo
Bibliography . _ e eemeemeeeeao

Copepoda. By Waldo L. Schmitt_ . oL

Cirripedia. The barnacles of the Gulf of Mexico. By Dora Priaulx Henry__

Mysidacea and Euphausiacea. By Albert H. Banner___ ... ____.___

Stomatopoda. By Fenner A. Chace, Jro__ __ ...

Decapoda of the Gulf of Mexico. By Ellinor H. Behre. ... _____
General physiographic regions._ - - .. oo
Comparison of faunas._ __ . . e ememmenaan
Reference collections. . . e memmaeaooo
Papers of particular reference to Gulf decapods- .- oo - - - oo o

Biology of commercial shrimps. By Milton J. Lindner and William W,

Anderson . oo
XV. Mollusks.

Biology of the spiny lobster. By F. G. Walton Smith_ ... ___ .- ..

Mollusks. By Harald A. Rehder. . . oo
Past work done in this area. . . . o o e ee -

General . oo e
Florida _ - . _ -
Alabama-Louisiana . . - . . e eieo-
T eXaAS . e
MexiCo . - el .
Cuba el
Deeper waters_ - . e .
Eeology -
Caribbean Province. . - - o e eieeieeaos
Carolinian Provinee . - - - . oo
Deeper waters of the Guif of MeXico_ .o oo omooocociaceoe
Bibliography . _ . e m—ieeem-

Cephalopoda of the Gulf of Mexico. By Gilbert 1. Voss_ - ... .-
Swstematic st o meemeeieas
Literature cited . . . . o eieeemaas

Summary of our knowledge of the oyster in the Gulf of Mexico. By Philip

A, Butler. . e ea

Pago
394
405
406
408

413
413
416
416
419
419
419
420

423
425
429
430
436
436
436
436
436
436
436
439
443
447
449
451
451
453
453
454

457

463
469
469
469
469
470
470
470
470
471
471
471
472
472
473
475
477
477

479
491



CONTENTS

Cuaprer—Continued
XVI. Tunicates and lancelets.
The Tunicata of the Gulf of Mexico. By Willard G. Van Name_____ __.____
Ascidian fauna of the Gulf of Mexico- ... . . . ______ ... __.
The pelagic Tunicate________ ... ..
Bibliography . . e a-
The lancelets.  Branchiostomidae. By Joel W, Hedgpeth

XVII. Fishes and sea turtles.

The origin, relationships, and geographical distribution of the marine fishes
of the Gulf of Mexico. By Luis Rene Rivas.____. . ______________
Shore fishes_ o e _-.
Pelagic fishes_ i elii_o._-
Deep sea fishes_ L l_il.--
Literature cited_ - - - aiooao-o- s
Biology of the commercial fishes of the Gulf of Mexico. By George A.
Rounsefell i iiioeioo--
Taxonomy aud distribution of sea turtles. By F. G. Walton Smith
Family Cheloniidae_ ... e -
Family Dermochelidae. . .. . oo
Key to the Gulf of Mexico sea turtles_.._ . _______ - __ . _._.___.____.
Distribution in the Gulf of Mexico____ ... .. _____..
Bibliography . . oo
XVIII. The birds of the Gulf of Mexico. By George H. Lowery, Jr., and Robert
J. Newman e e eeeooao
Offshore birds_ . . e eaaa-
Birds of the coast. . e ciiiaa_--
Coastal breeding birds

Regular visitants on the coast. .- _____.___.__.
Visitants to coast not of regular annual occurrence_.________________
Land birds over the open Gulf_ .-
Literature cited____ e eeeo--
XIX. Mammals of the Gulf of Mexico. By Gordon Gunter_.______.___________
Pinnipedia__ . i eeioioia-
Sirenia. - . e e e e oo
CetaCea . _ e e
General information . __ . oo--
Cetaceans of the Gulf of Mexico. ... . _.__..__.__.._
Odontoceti. Toothed whales____ __ . __ . _____....
Mysticeti. Baleen whales______ ... ______.___._.
Literature eited. - . . e iicieiaoa

XX. Pollution of water.
Aspects of water pollution in the coastal area of the Gulf of Mexico. Pre-
" pared in the Division of Water Pollution Control, and Shellfish Branch,

Division of Sanitation, Public Health Service, U. S. Department of
Health, Education and Welfare. . _ .. _ . o .. __.__.__
Nature of pollution affecting the Gulf waters___.___ .. __________..__
Water pollution control agencies, programs, and laws_______ ... ..____.
Florida_ ... o e ieeooi-a-
Alabama. o e e-
Mississippi_ ... ... e e e i
Louisiana

Federal-State shellfish control program._ . ___ ... ______.________ ...
Summary of water pollution data____ . . ____ . . ._____.___.__
Damages to resources caused by poliution__ .. .. . _.___...
Lower Florida area_ - . o . e eeen
Peace River area. - - .o e iiieiaa-
Tampa Bay 8rea .. oo e
Withlacoochee River area. . oo oo

Page
495
495
496
497
499

503
504
505
505
505

507
513
513
513
514
515
515

519
520
526
529
530
532
535
538
543
543
543
545
545
546
546
550
550

Cr v O Ov O Or O OO

cvgoucncnowcncnc-cxw
St
00 =l =] =~ ~I~I~ITO

o
[l =]
=

564
564
565

X111



X1V CONTENTS

Cuarrer—Continued
XX. Aspects of water pollution—Continued

Damages to resources caused by pollution—Continued Page
Suwannee River area. .. _ . e .. 565
Ochlockonee Riverarea .. _ . _.__ _______________._____._.____ 566
Apalachicola River area. __ __ L .. 566
Choctawatchee River area___ . __ . _________________.__________ 566
Perdido-Escambia area . ____ . _ . _ ___ . __ ... ___ 567
Mobile Bay area_ _ . _ . meoooo_ 567
Pascagoula River area____________ . ______ 568
Pearl Riverarea_ .. eioa... 569
Lower Mississippi Riverarea___.._.____ . __ ... _________._ 569
Atchafalaya Riverarea____ . _______ .. ________.__ 569
Calcasieu River area_ . __ . . . ___ 570
Sabine River area__ . _____ ... 570
Neches River area. .. ... 570
Trinity River area_. __ . __ .. oL 571
Brazos River area_ _ . __ _ __ . o eo__ 571
Colorado River area_ _ . _ . _ o= 572
Guadalupe River area_ ___ ___ . ___.- 572
Nueces River area___ _ __ o= 572
Lower Rio Grande area._ - oo e_o___ 573

The Gulf coast of the Republic of Mexico. ... .. _—coo..__ 573

Literature cited. o ..o e e mccmceceeeas 574

Index o e e mmmem——mmm—eeaen 577



